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Description 
Background 
Field Of The Invention 

[0001] This invention relates generally to rapid prototyping techniques, and more particularly to a Three Dimensional 
Printing material and method using adhesive particulate mixtures. 

Related Art 

[0002] The field of rapid prototyping involves the production of prototype articles and small quantities of functional 
parts, as well as structural ceramics and ceramic shell molds for metal casting, directly from computer-generated design 
data. 

[0003] Two well-known methods for rapid prototyping include a selective laser sintering process and a liquid binder 
Three Dimensional Printing process. The techniques are similar to the extent that they both use layering techniques 
to build three-dimensional articles. Both methods form successive thin cross sections of the desired article. The indi- 
vidual cross sections are formed by bonding together grains of a granular material on a flat surface of a bed of the 
granular material. Each layer is bonded to a previously formed layer to form the desired three-dimensional article at 
the same time as the grains of each layer are bonded together. The laser-sintering and liquid binder techniques are 
advantageous because they create parts directly from computer-generated design data and can produce parts having 
complex geometries. Moreover, Three Dimensional Printing can be quicker and less expensive than conventional 
machining of prototype parts or production of cast or molded parts by conventional "hard" or "soft" tooling techniques- 
which can take from a few weeks to several months, depending on the complexity of the item. 
[0004] Three Dimensional Printing has been used to make ceramic molds for Investment casting, thereby generating 
fully-functional metal parts. Additional uses have been contemplated for Three Dimensional Printing. 
[0005] For example, three Dimensional Printing may be useful in design-related fields where it is used for visualiza- 
tion, demonstration and mechanical prototyping. It may also be useful for making pattems for molding processes. Three 
Dimensional Printing techniques may be further useful, for example, in the fields of medicine and dentistry, where - 
expected outcomes may be nwdeled prior to performing procedures. Other businesses that could benefit from rapid 
prototyping technology include architectural firms, as well as others in which visualization of a design is useful. 
[0006] A selective laser sintering process is described in U.S. Pat No. 4,363.538. The selective laser sintering proc- 
ess was commercialized by DTM Corporation. The selective laser sintering process involves spreading a thin layer of 
powder onto a flat surface. The powder is spread using a tool developed for use with the selective laser sintering 
process, known in the art as a counter-rolling mechanism (hereinafter "counter-roller'). Using the counter-roller allows 
thin layers of material to be spread evenly, without disturbing previous layers. After the layer of powder is spread onto 
the surface, a laser Is used to direct laser energy onto the powder in a predetermined two-dimensional pattem. The 
laser sinters or fuses the powder together in the areas struck by its energy. The powder can be plastic, metal, polymer, 
ceramic or a composite. Successive layers of powder are spread over previous layers using the counter-roller, followed 
by sintering or fusing with the laser. The process is essentially thennal, requiring delivery by the laser of a suffident 
amount of energy to sinter the powder together, and to previous layers, to form the final article. 
[0007] The selective laser sintering process is expensive due to the high cost of the laser and the complexity of the 
equipment used. In addition, only one laser can be used at a time, making it a slow and labor intensive method. In 
addition, depending on the application, toxic materials are sometimes used in the selective laser sintering method, 
requiring special handling or processing fadlities. For example, a typical selective laser sintering machine includes a 
nitrogen supply and a means for venting toxic gases away firom human operators. 

[0008] U.S. Pat. No. 5,204,055 describes an earty Three Dimensional Printing technk^ue which involves the use of 
an ink-jet printing head to deliver a liquid or colloidal binder material to layers of powdered material. The Three Dimen- 
sional ink-jet printing technique (hereafter "liquid binder method") involves applying a layer of a powdered material to 
a surface using a counter-roller. After the powdered material Is applied to the surface, the Inkjet printhead delivers a 
liquid binder to the layer of powder. The binder Infiltrates Into gaps in the powder material, hardening to bond the powder 
material into a solidified layer. The hardened binder also bonds each layer to the previous layer. After the first cross- 
sectional portion is formed, the previous steps are repeated, building successive cross-sectional portions until the final 
article is formed. Optionally, the binder can be suspended in a earner which evaporates, leaving the hardened binder 
behind. The powdered material can be ceramic, metal, plastic or a composite material, and can also Include fiber. The 
liquid binder material can be organic or inorganic. Typical organic binder materials used are polymeric resins, or ceramic 
precursors such as polycart)osilazane. I norganic binders are used where the binder Is incorporated into the final articles; 
silica is typically used in such an application. 
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[0009] One advantage of using an ink-jet print head rather than a laser is that a plurality of spray nozzles used to 
deliver binder to the powder can be arranged side-by-side in a single print head. In selective laser sintering machines, 
only one laser, which delivers energy to the powder. Is conventionally used. The combination of several spray nozzles 
increases the speed of liquid binder printing compared to laser-sintering by allowing a wider area to be printed at one 
s time. In addition, the liquid binder printing equipment is much less expensive than the laser equipment due to the high 
cost of the laser and the high cost of the related beam deflection optics and controls. 

[0010] However, the liquid binder printing technique has a serious reliability problem associated with the spray nozzle 
becoming dogged with the binder material. Clogging occurs when binders having high levelsof suspended solids are 
used. The problem with clogging requires frequent inteniiptions of the build in order to dean the spray nozzle. The 
10 dogging problem increases the time and iabor required to build parts and to maintain the equipment Therefore, al- 
though the liquid binder printing technique represents an advance In speed and cost over the selective laser sintering 
process, It suffers from reliability problems that slow down the build rate. Increasing labor and equipment maintenance 
costs. This problem interferes with the potential speed advantage of Increased printing capability presented by the 
plurality of spray nozzles. 

15 [0011] In addition to the above-mentioned disadvantages, the powders, espedally metallic powders, used in both 
selective laser sintering and liquid binder techniques present safety issues that render them undesirable for use in an 
office environment These safety issues may require spedal dothing and processing fadlities to prevent, for example, 
skin contact or inhalation of toxic materials. In addition, nru^re expense may be incurred through complying with regu- 
lations for the disposal of toxic materials.' For these reasons, these techniques do not lend themselves to being used 

20 in typical office environments, such as architectural and design firms, or doctor's offices. US-A - 5387380 and US-A- 
5490962 disdose further examples of the Three Dimensional Printing technique in which solid artides are formed by 
applying a liquid binder material to selected areas of successively deposited layers of a particulate material to bind the 
partides in the selected area of each layer togetiier and to the partides in the selected area of the preceding layer. In 
each case, however, the adhesive which binds the partides together is supplied by the liquid binder. 

25 

Summary Of The Invention 

[001 21 The present invention is aimed at providing a materials system and method that satisfies the need for a quick, 
reliable, safe, and inexpensive method for produdng both appearance models and small numbers of functional parts. 
30 espedally in an office environment 

[0013] . To this end the invention provides products and methods as defined in claims 1, 11, 18, 27 and 30. 
[0014] Particular ennbodiments of the invention are the subjed of the dependent claims. 

[0015] An artide made by the method of ttie present invention is made up of layers of a mixture of partides of an 
adhesive and filler, the adhesive having been activated by a fluid containing a solvent and optionally, various processing 

35 aids or additions which modify the working properties of the fluid and adhesive or which enhance the mechanical 
properties of the finished artide. The mixture of partides can also optionally indude partides of fiber, and various 
processing aids. The fluid adivates the adhesive in the mbcture, causing the partides to adhere together and to adhere 
to previously formed adjacent layers. The adhesive is preferably directiy mixed in with the fiber and filler. Optionally, 
the adhesive can also coat partides of either the fit)er or filler, or both. 
. 40 [0016] The method of the invention for produdng such artides preferably involves applying a layer of the above- 
mentioned mixture onto a flat surface that can be indexed downward. Cross-sectional portions of an artide are defined 
by delivering an activating fluid to the layer of the mixture of partides in a predetermined two-dimensional pattern. The 
fluid adivates the adhesive in the mixfajre, causing the partides to adhere together In an essentially solid layer. After 
the^first cross-sedional portion of tiie artide is formed, the movable surface can be indexed downward by an amount 

45 corresponding to the desired layer thickness. Successive layers of the mbcture of partides are applied to previous 
layers in the same manner. Apltcation of the fluid using, for example, an Ink-jet print head follows the application of 
each successive layer of the mixture of particulate material. The steps of depositing a layer of the mixture of particulate 
material and delivering the fluid to the layer are repeated until the required numt)er of cross-sectional portions have 
been built, completing formation of the artide. After formation of the article has been completed, it typically remains 

so immersed in a bed of unadivated particulate material, where it can remain until the artide is completely dry. Delicate 
features of the artide remain supported by the unadivated particulate material while drying. The finished artide is 
preferably scooped out of the bed of unadivated particulate material and any excess unadivated particulate material 
dinging to the finished article Is preferably removed using blown air or a vacuum. In addition, the finished artide can 
be removed to an oven for more rapid drying. 

S5 [0017] After deaning, optional post-processing steps indude heat-ti^ating, resin or wax infiltration, painting and 
sanding. Cleaning is performed to remove excess powder by vacuuming it off the article, by blowing It off the article, 
and by brushing to remove any powder left In crevices. Heat treating and infiltration increase the strength and durability 
of the finished artide. Infiltration can reduce porosity, making tine artide water resistant and more readily sanded. 
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Painting the article can provide a more aesthetically pleasing appearance, and may also contribute to the strength and 
water resistance of the final articles. Sanding improves the surface smoothness, reducing any surface insularities 
caused, for example, by fiber penetrating through the surface. Parts can be glued or fastened, or used as patterns for 
subsequent molding operations. 

5 [0018] The materials system and method of the present Invention offer the advantages of being able to fabricate 
relatively complex shapes reliably, quickly, safely and inexpensively compared to the selective laser sintering and liquid 
binder methods. Because the materials used in the present invention do not present problems with clogging, reliability 
is higher than prior art methods, particulariy prior art methods in which high levels of suspended solids are contained 
In the binder. The higher reliability of the present invention results in reduced build times compared with prior art 

10 methods. The present invention is more economical than prior art methods because both the equipment and the ma- 
terials used are inexpensive, and the high reliability associated with the materials and method of the present invention 
reduces cost even further. In addition, because the materials used In the present invention are non-toxic, the method 
of the present invention can be carried out safely in a typical office environment. 

[0019] These and other features, aspects and advantages of the present invention will become better understood 
IS with reference to the following description and appended claims. . . . 

Brief Description Of The Drawings 

[0020] In the drawings: 

20 

FIG. 1 illustrates schematically a first layer of a mixture of particulate material of the invention deposited onto a 
downwardly movable surface on which an article is to be buitt. before any fluid has been delivered; 
FIG. 2 illustrates schematically an ink-jet nozzle delivering an activating fluid to a portion of the layer of particulate 
material of FIG. 1 in a predetermined pattem; 
25 FIG. 3 illustrates schematically a view of a final article made from a series of steps illustrated in FIG. 2 enclosed 

in the container while it is still immersed in the loose unactivated particles; 
FIG. 4 illustrates schematically a view of the final article from FIG. 3. 

Detailed Description 

30 . ' 

[0021] The present invention relates to a Three Dimensional Printing material system comprising a mixture of parti- 
cles of adhesive, filler, and optionally a fibrous component and a printing aid for reducing edge curi due to uneven 
curing of the adhesive and resultant distortion of a part three dimensionally printed; and an activating fluid comprising 
a solvent that activates the adhesive in the powder and that can contain such processing aids as a humectant, a 

35 flowrate enhancer, and preferably a dyjB. The fluid of the present invention activates the adhesive in the particulate 
mixture, adhesively bonding the material together to form an essentially solid article. The present invention also relates 
to a method of use for such a materials system, and to an article made by the method of the invention. 
[0022] Referring now to FIG. 1 , a schematic representation of a printing method using the materials system of the 
present invention is presented. According to the method, a layer or film of particulate material 20 is applied on a 

40 downwardly movable surface 22 of a container 24. The layer or film of particulate material can be formed in any manner, 
and preferably is applied using a counter-roller. The particulate material applied to the surface includes an adhesive 
and filler. As used herein, "adhesive" is meant to define a component that forms the primary adhesive bonds in the 
mixture of material between portions of the mixture that were separate prior to activation by an activating fluid, and 
"filler" is meant to define a component that is solid prior to application of the activating fluid, which Is substantially less 

^ soluble In tiie fluid than ttie adhesive, and which gives strocture to the final article. 

[0023] According to a preferred embodiment of the invention, the particulate mixture includes a reinforcing fiber,, or 
a reinforcing fibrous component, added to provide structural reinforcement to the final article. As used herein, "fiber" 
or "fibrous componenr is meant to define a component that is solid prior to application of the activating fluid, which is 
preferably, but not necessarily insoluble in the fluid, that is added to increase the final article strength. The reinforcing 

so fiber length is restilcted to a lengtii approximately equal to the thickness of the layer of particulate mixture. The rein- 
forcing fiber length is typically about 60 to about 200 microns In length, and is included in an amount not greater than 
20 percent, by weight, of the total mixture. 

[0024] According to a particulariy prefen-ed embodiment of the invention, a stabilizing fiber can be added to the filler 
to provide dimensional stability to the final article, as well as to slightly Increase the article strength. Spreading the 
55 particulate mixture with the counter-roller becomes increasingly difficult as fiiction caused by an excess of stabilizing 
fiber in the mixture increases, reducing the packing density. Therefore, restricting both the amount and lengtii of the 
stabilizing fiber Increases the packing density of the mixture resulting in finished parts of greater strength. Preferably, 
the stabilizing fiber is restiicted to a length of less than half of the reinforcing fiber, in an amount not greater than 30 
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percent, by weight, of the total mixture. Optimal values can be detemfiined with routine experimentation using, for 
example, a counter-roller. 

[0025] According to another particularly preferred embodiment a compound such as lecithin which serves as a 
printing aid can be added to the particulate mixture to prevent distortions in printing. The printing aid prevents line 
particles of the mixture from becoming alrbome while the liquid is dispensed from the print head which would distort 
the printed article. 



TABLE 1 



ingredient 


Preferred 
Compound 


Acceptable 
Composition 
Range (W/W) 


Preferred 

Composition (W/W) 


Particle Size Range 
(jun) 


Particulate IMixture 


Adheshre 


Sucrose 


10-50% 


30% 


10 


Reinforcing Rber 


Cellulose 


0-20% 


10% 


100 


Riier 


Mattodextrin 
(Dextrose 
equivalent =10) 


0-80% 


48.5% 


<300 


Stabilizing Fiber 


Cellulose 


0-30% 


10% 


60 


Printing Aid 


Lecithin 


0-3% 


1.5% 


N/A 


Fluid 


Solvent 


Water 


70 - 100 % 


92.98 % 


N/A 


Humectant 


Glycerol 


0-20% 


5% 


N/A 


Flowrate 
Enhancer 


Ethylene Glycol 
Diacetate 


0-10% 


2% 


N/A 


Dye 


Naphthol blue-* 
black 


0-0.1 % 


0.02 % 


N/A 



[0026] FIG. 2 is a schematic representation of an ink-jet nozzle 28 delivering activating fluid 26 to a portion 30 of the 
layer or film 20 of the particulate mixture in a two-dimensional pattem. According to the method, the fluid 26 is delivered 
to the layer or film of particulate material in any predetermined two-dimensional pattem (circular, In the figures, for 
purposes of illustration only), using any convenient mechanism, such as a Drop-On-Demand (hereinafter "DOD") print- 
head driven by customized software which receives data from a computer-assisted-design (hereinafter XAD") system, 
a process which is known in the art. The first portion 30 of the particulate mixture is activated by the fluid, causing the 
activated particles to adhere together to form an essentially solid circular layer that becomes a cross-sectional portion 
of the final article. As used herein, "activates" is meant to define a change In state from essentially inert to adhesive. 
When the fluid initially comes into contact with the particulate mixture, it immediately flows outward (on the microscopic 
scale) from the point of impact by capillary action, dissolving the adhesive within the first few seconds. A typical droplet 
of activating fluid has a volume of about 100 pi, and spreads to about 100 jim once it comes into contact with the 
particulate mixture. As the solvent dissolves the adhesive, the fluid viscosity increases dramatically, arresting fiirther 
migration of the fluid from the Initial point of impact Within a few minutes, the fluid with adhesive dissolved therein 
infiltrates the less soluble and slightly porous particles, forming adhesive bonds between the filler and the fiber. The 
activating fluid is capable of bonding together the particulate mixture in an amount that is several times the mass of a 
droplet of tiie fluid. As volatile components of the fluid evaporate, the adhesive bonds harden, joining the filler and, 
optionally, fiber particulates into a rigid structure, which becomes ia cross-sectional portion of the finished article. 
[0027] Any unactivated particulate mixture 32 that was not exposed to the fluid remains loose and free-flowing on 
the movable surfiace. Preferably, the unactivated particulate mixture is left in place until formation of the final article is 
complete. Leaving the unactivated, loose particulate mixture in place ensures that the article is supported during 
processing, allowing features such as overhangs, undercuts, and cavities (not Illustrated, but conventional) to be de- 
fined without using support structures. After formation of the first cross-sectional portion of the final article, the movable 
surface is Indexed downward. 

[0028] Using, for example, a counter-rolling mechanism, a second film or layer of the particulate mixture Is then 
applied over the first, covering both the rigid first cross-sectional portion, and any loose particulate mixtijre by which 



•J 
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tt is surrounded. A second application of fluid follows in the manner described above, dissolving the adhesive and 
forming adhesive bonds between a portion of the previous cross-sectional portion, the filler, and, optionally, fiber of the 
second layer, and hardening to form a second rigid cross-sectional portion added to the first rigid cross-sectional portion 
of the final article. The movable surface is again indexed downward. 

s [0029] The previous steps of applying a layer of particulate mixture, including the adhesive, applying the activating 
' fluid, and indexing the movable surface downward are repeated until the final article is completed. FIG. 3 is a schematic 
representation of the final cylindrical article after it has been completely fomned. At the end of the process, only the top 
surface 34 of a final article 38 is visible in the container. The final article is preferably completely immersed in a bed 
36 of unactivated particulate material. Altematively, those skilled in this art would know how to build an article in layers 

10 upward from an immovable platform, by successively depositing, smoothing and printing a series of such layers. 

[0030] Fig. 4 is a schematic representation of the final cylindrical article 38. The unactivated particulate material is 
preferably removed by blown air or a vacuum. After removal of the unactivated particulate material from the final article 
38, post-processing treatment may be performed, including cleaning, infiltration with stabilizing materials, painting, etc. 
[0031] The method of the present invention is capable of producing features on the order of about 250 ixm. The 

15 accuracy achieved by the method of the present invention is in the range of about *h 250 )im. Shrinkage of the final 
article is about 1%, which can easily be factored into the build to increase accuracy. 

Adhesive 

20 [0032] The adhesive is a compound selected for the characteristics of high solubility in the activating fluid, low solution 
viscosity, low hygroscopicity, and high bonding strength. The adhesive should be highly soluble In the solvent in order 
ensure that it is incorporated rapidly and completely into the activating fluid. Low solution viscosity is preferred to ensure 
that once dissolved in the activating fluid, the solution migrates quickly to sites in the powder bed to adhesively bond 
together the reinforcing materials. The adhesive is preferably milled as finely as possible prior to admixture with the 

25 filler and/or prior to coating the filler particles In order to increase the available surfece area, enhancing dissolution in 
the solvent, without being so fine as to cause "caking", an undesirable article characteristic. Typical adhesive particle 
grain sizes are about 10-20 jim. Low hygroscopicity of the adhesive avoids absorption of excessive moisture from the 
air, which causes "caking", in which unactivated powder spuriously adheres to the outside surfoce of the part, resulting 
in poor surface definition. 

30 [0033] \A^ter-soluble compounds are preferred for the adhesive of the present invention, although other compounds 
can be used. Compounds suitable for use as the adhesive of the present invention can be selected from the following ^ 
non-limiting list: water-soluble polymers, cartrahydrates, sugars, sugar alcohols, proteins, and some inorganic com- 
pounds. Water-soluble polymers with low molecular weights dissolve more quickly because smaller molecules diffuse 
more rapidly in solution. Suitable water-soluble polymers include polyethylene glycol, sodium polyacrylate, polyvinyl 

35 alcohol, polyvinyl pyrrolldone, sodium polyacrylate copolymer with maleic acid, and polyvinyl pyrrolidone copolymer 
with vinyl acetate; carbohydrates include acacia gum. locust bean gum, pregelatinized starch, acid-modified starch, 
hydroiyzed starch, sodium carboxymethylcellulose, sodium alginate and hydroxypropyl cellulose. Suitable sugars and 
sugar alcohols include sucrose, dextrose, fructose, lactose, pplydextrose, sorbitol and xylltot. Organic compounds 
including organic acids and proteins can also be used, including citric acid, succinic acid, poiyacrylic acid, gelatin, 

40 rabbit-skin glue, soy protein, and urea. Inorganic compounds include plaster, bentonite, sodium silicate and salt. 

Filler 

[0034] The filler of the present invention is a compound selected fbrthe characteristics of insolubility in the activating 
45 fluid, or extremely low solubility in the activating fluid, rapid wetting, low hygroscopicity, and high bonding strength. The 
filler provides mechanical structure to the hardened composition. Sparingly soluble fliler material is preferred, but in- 
soluble filler material can be used. The filler particles become adhesively bonded together when the adhesive dries/ 
hardens after the activating fluid has been applied. Preferably, the filler includes a distribution of particle grain sizes, 
ranging from the practical maximum of about 200 ^m downward, to the practical minimum of about 20 ^m. Large grain 
50 sizes appear to improve the final article quality by forming large pores in the powder through which the fluid can migrate 
rapidly, permitting production of a more homogeneous material. Smaller grain sizes serve to reinforce article strength. 
[0035] Compounds suitable for use as the fliler of the present invention can be selected from the same general 
groups from which the adhesive is selected, provided that the solubility, hygroscopicity, bonding strength and solution 
viscosity criteria described above are met. Preferred fillers include starches such as maltodextrin. One of ordinary skill 
S5 in the art will know that the selection of the solvent determines which filler can be used. 
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Reinforcing Fiber 

[0036] The reinforcing fiber of the present invention is preferably either insoluble or substantially slower dissolving 
than the adhesive in the fluid which activates the adhesive. The reinforcing fiber is a stiff material chosen to increase 

5 the mechanical reinforcement and dimensional control of the final article without making the powder too difficult to 
spread. In order to promote wetting of the reinforcing fibers, the fit>er chosen have a high affinity for the solvent. The 
preferred embodiment includes a fiber length approximately equal to the layer thickness, which provides the greatest , 
degree of mechanical reinforcement Using longer fibers adversely affects the surface finish, and using too much fiber 
of any length will make spreading the powder increasingly difficult Rbrous material suitable for reinforcing the present 

10 invention includes, but is not fimited to polymeric fiber, ceramic fiber, graphite fiber and fit)erglass. The polymeric fiber 
may be cellulose and cellulose derivatives or substituted or unsubstituted, straight or branched, alkyi or alkene, mon- 
omers containing up to eight carbon atoms. Specific useable fibrous materials include, but are not limited to cellulose 
fiber, silicon carbide fiber, graphite fiber, aluminosillcato fit>er, polypropylene fiber, and fiberglass. 
[0037] As indicated in Table 1, both the reinforcing fiber and the stabilizing fiber are preferred to be cellulose. Some 

IS of the useful properties of cellulose making it particulariy suitable for use in connection with the invention are lowtoxicity, 
. - biodegradability, low cost and availability in a wide variety of lengths. 

[0038] Further considerations when selecting the adhesive, filler and fiber depend on the desired properties of the 
final article. The final strength of the finished article depends largely on the quality of the adhesive contacts between 
-the particles of the mixture, and the size ot the empty pores that persist in the material after the adhesive has hardened; 

20 both of these factors vary with the grain size of the particulate material. In general, the mean size of the grains of 
particulate material is preforably not larger than the layer thickness. A distribution of grain sizes increases the packing 
density of the particulate material, which in tum Increases both article strength and dimensional control. 

Printing Aid 

25 

[0039] As indicated in Table 1, lecithin is used as a printing aid in the exemplary particulate mixture. Lecithin is a 
liquid which is only slightly soluble in water. By adding a small amount to the powder, the lecithin provides a light 
adhesion between powder grains before printing, thereby reducing dust formation. After printing, the lecithin continues 
to adhere Insoluble grains together for a short time until it dissolves. This effect tends to reduce distortion In printed 
30 layers in the brief time that is required for the adhesive to dissolve and redistribute in the powder, t-iydrophiliic grades 
of lecithin are prefen-ed. A wide variety of other liquid compounds woric for the same purpose. Polypropylene glycol 
(PPG) with a molecular weight of about 2000 and dtronellol are two examples. 

Activating Fluid 

35 

[0040] The fiuid of the present invention is selected to comport with the degree of solubility required for the various 
particulate componente of the mixture, as described above. The fluid includes a solvent In which the adhesive is active, 
preferably soluble, and can include processing aids such as a humectant, a fiowrate enhancer, and preferably a dye. 
An ideal solvent is one in which the adhesive is highly soluble, and in which both the filler and fiber are substentially 
^ less soluble. The solvent can be aqueous or non-aqueous, although aqueous are preferred. Suitable solvents can be 
selected from the following non-limiting list: water, methyl alcohol, ethyl alcohol, isopropyl alcohol, acetone, methylene 
chloride, acetic add. and ethy! acetoacetate. 

Humectant 

45 

[0041] A humectent can be included in the inventive mixture to reterd evaporation of the solvent from the printed 
material, and to prevent drying/dogging of the printhead delivery system. Water Is a plastldzer for the preferred ad- 
hesive. Thus, by keeping water in the adhesive, the humectent increases the artide toughness. Glycerol is the preferred 
humedant when the solvent is aqueous. Other polyhydric alcohols, including but not limited to ethylene glycol and 
50 propylene glycol, are also kriown in the art to reterd evaporation. 

Fiowrate Enhancer 

[0042] A fiowrate enhancer can be induded that has some humectent properties, but serves mainly to alter the 
55 hydrodynamic properties or wetting charaderistics of the fluid to maximize the volume of fluid delivered by the printhead. 
Rowrate enhancement is thought to be a viscoelastic phenomena increasing the flow rate of the fluid, allowing thicker 
layers to be printed, thus allowing the final artide to be built more quickly. Preferred compounds that increase the 
fiowrate of the fluid, either by reducing friction between the fluid and the walls of the Jet or by redudng the viscosity 
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of the fluid, include ethylene glycol diacetate and potassium aluminum sulfete. Other suitable compounds for use as 
the flowrate enhancer can be selected from the following non>llmiting list: isopropyl alcohol, ethylene glycol monobutyt 
ether, diethytene glycol monobutyl ether, dodecyl dimethylammonlopropane sulfonate, glycerol triacetate, ethyl ace- 
toacetate, and water-soluble polymers including polyvinyl pyrrolidone with a molecular weight of about 30,000 units, 
s polyethylene glycol, poiyacryfic acid, and sodium potyacrylate. For the Ionic polymers, such as sodium polyacrylate, 
the increase in flow rate varies with pH. 

Dye 

10 [0043] The fluid of the present invention preferably includes a dye to provide a visual aid to the operator while building 
the article. The dye provides contrast between activated and unactivated powder which allows the operator to monitor 
the printed layers while building the article. The dye can be selected from the group including, but not limited to, naphthol 
blue-black and direct red. Numerous other dyes compatible with the fluid will be. known to those skilled in the art. 
[0044] The materials and method of the present invention present several advantages over prior Three Dimensional 

IS Printing methods. The materials used in the present invention are non-toxic and inexpensive. Because the adhesive 
is added directly to the particulate mixture, it eliminates spraying adhesive, partlculariy adhesive including high levels 
of suspended solids, through the printhead. Instead, the method of the present invention involves spraying preferably 
an aqueous solvent, which overcomes))roblems such as clogging associated with prior art methods that involve spray- 
ing a binder to a layer of powder. 

20 [0045] The equipment used In the method of the present invention is reliable, inexpensive, and easy to maintain, 
making it ideal for use in an office environment 

The materials used in the present invention are much more compatible with Inkjet technology than the liquid binder 
method. Thus, less equipment maintenance is required, and the reliability of the equipment is increased. Therefore, 
the method of the present invention involves shorter build times and less labor than prior art methods. 
25 [0046] Those skilled in the art will readily appreciate that all parameters fisted herein are meant to be exemplary and 
actual parameters depend upon the speciflc application for which the methods and materials of the present invention 
are used. It Is, therefore, to be understood that the foregoing embodiments are presented by way of example only and 
that, within the scope of the appended claims, the invention can be practiced otherarise than as specifically described. 

30 . 
Claims 

1. A product of a mixture of a plurality of particles comprising a filler, characterised in that said mixture of a plurality 
of particles further comprises a first fibrous component and an adhesive, and a fluid that activates said adhesive 

3S to form an essentially solid article composed of said plurality of particles, said adhesive being substantially soluble 

in said fluid, and said filler dissolving in said fiuid at a substantially slower rate. 

2. A product according to claim 1 , wherein said filler includes a second fibrous component. 

40 3. A product according to claim 1 or claim 2, wherein said first fibrous component has a mean length of about 60 ^m 
to about 200 \m. 

4. A product according to daim 2 or claim 3 when dependent on claim 2, wherein said second fibrous component 
* has a mean length of about 30^m to about 100(im • 

45 

5. A product according to any one of the preceding claims, wherein said filler is a carbohydrate. 

. 6. A product according to any one of the preceding claims, wherein said adhesive is a water soluble polymer. 
50 7. A product according to any one of claims 1 to 5, wherein said fluid is a non-aqueous fluid. 

8. A product according to any one of claims 1-6, wherein said fluid is an aqueous fluid. 

9. A product according to any one of the preceding claims, wherein said particies comprise said filler mixed with said 
55 adhesive. 

10. A product according to any one of claims 1 to 8, wherein said particles each comprise said filler coated with said 
adhesive, said mixture self-adhering when activated by said fluid. 
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11. A product of a mixture of a plurality of particles comprising a filler, characterized In that said mixture includes an 
adhesive and an aqueous fluid that activates said adhesive to form an essentially solid article composed of said 
plurality of particles, said adhesive being substantially soluble in, and said filler dissolving at a substantially slower 
rate in, said aqueous fluid. 

12. A product according to claim 11, wherein said mixture includes a first fibrous component. 

13. A product according to claim 12, wherein said filler includes a second fibrous component. 



10 14. A product according to claim 12 or daim 13, wherein said first fibrous component has a mean length of about 60 
^m to about 200 ^m. 

1 5. A product according to claim 13 or claim 14 when dependent on claim 13, wherein said second fibrous component 
has a mean length of about 3q^m to about lOO^m. 

15 

16. A product according to any one of claims 11 to 15, wherein said particles comprise said filler mixed with said 
adhesive. 

17. A product according to any one of claims 11 to 15, wherein said particles comprise said filler coated with said 
20 adhesive, said mixture self-adhering when activated by said fiuid. 

18. A method for forming an article comprising: 

applying, to a first portion (30) of a first layer (20) of particles that each carry an activatabie adhesive, a fiuid 
(26) that activates said adhesive, in an amount sufficient to activate said adhesive to the extent that the particles 
within the first portion adhere together to form an essentially solid, singular article; 
forming a second layer of the particles on*the first layer; and 

applying, to a first portion of said second layer of said .particles, said fiuid in an amount sufficient to activate 
said adhesive to the extent that the particles within said first portion of said second layer adhere to each other 
and to at least a portion of said first portion of said first layer to form an essentially solid, singular article from 
said first portion of said first layer and said first portion of said second layer; 



25 



30 



wherein at least a portion of said particles comprise a filler which is substantially less soluble in said fiuid 
than said adhesive. 

35 

19. A method according to claim 18, involving allowing a second portion (32) of the first layer (20) contiguous with the 
first portion (30) of the first layer and a second portion of the second layer contiguous with the first portion of the 
second layer to remain free of said fiuid (26) to the extent that said second portions remain non-adherent, and 
subsequently removing particles defining the second portions of the first and second layers. 

40 

20. A method according to claim 16 or claim 19, wherein said filler is an essentially solid filler. 

21. A method according to any one of claims 18 to 20, wherein said first and second layer of particles include a first 
fibrous component. 

45 * 

22. A method according to claim 21, wherein said filler Includes a second fibrous component. 

A method according to claim 21 or claim 22, wherein said first fibrous component has a mean length of about 
60fim to about 200^m. 

A method according to claim 22 or claim 23 when dependent on claim 22, wherein said second fibrous component 
has a length of about 30^m to about 100|im. 

25. A method according to any one of claims 18 to 24, wherein said particles in said first layer of particles and said 
second layer of particles have a mean diameter of about 10 to about 300^m. 

26. A method according to any one of claims 18 to 25. wherein said fiuid is an aqueous fluid. 



23. 

50 

24. 
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27. A method comprising: . 

providing a plurality of adjacent particles of mean diameter of at)out 10 - 300 ^m, comprised of an essentially 
solid filler and an adhesive; and 

applying to said plurality of particles a fluid, within which said adhesive is essentially soluble and said filler Is 
essentially insoluble, that activates said adhesive from an essentially inert state, in an amount sufficient to 
bond said plurality of particles together to define an essentially solid, singular article. 

28. A method according to claim 27, wherein said plurality of adjacent particles include a first fibrous component that 
Is substantially insoluble in said fluid. 

29. A method according to claim 27 or claim 28, wherein said fluid is an aqueous fluid. 

30. A method for forming an article comprising: 

applying, to a first portion of a first film of particles that each carry an activatable adhesive, an aqueous fluid 
that activates said adhesive, in an amount sufficient to activate said adhesive to the extent that the particles 
within the first portion adhere together to fbnri an essentially solid, singular article; . 
forming a second film of the particles on the first film; and 

applying, to a first portion of said second film of said particles, said aqueous fluid in an amount sufficient to 
activate said adhesive to the extent that the particles within said first portion of said second film adhere to 
each other and to at least a portion of said first portion of said first film to form an essentially solid, singular 
article from said first portion of said first film and said first portion of said second film. 



PatentansprQche 

1. Ein Produkt aus einem Gemisch aus mehreren Partikeln, enthaltend einen Fuller, dadurch gekennzelchnet, daft 
das Gemisch aus mehreren Partikeln weiterhin eine erste faserige Komponente und einen Klebstoff und ein Fluid 
enthalt, das den Klebstoff aktlviert, um einen im wesentllchen festen Artlkel zu bilden, der aus den mehreren 
Partikeln besteht, wobei der Klebstoff In dem Fluid Im wesentllchen Idsiich 1st und der Fuller sich in dem Fluid mit 
wesentllch geringerer Geschwindigkeit lost. 

2. Produkt nach Anspruch 1 , bei dem der Fuller eine zweite faserige Komponente enthSIt 

3. Produkt nach Anspruch 1 oder 2, bei dem die erste faserige Komponente eine mlttlere Lange von etwa 60fim bis 
etwa 200^m aufweist. 

4. Produkt nach Anspruch 2 oder 3, wenn abhangig von Anspruch 2, bei dem die zweite feserige Komponente eine 
mlttlere Lange von etwa 30^m bis etwa 100^m aufweist 

5. Produkt nach einem der vorhergehenden Anspruche, bei dem der Fuller eine Kohlehydrat ist 

6i Produkt nach einem der vorhergehenden AnsprOche, bei dem der Klebstoff ein wasserldsliches Polymer ist. 

7. Produkt nach einem der AnsprOche 1 bis 5, bei dem das Ruid ein nicht-wasseriges Ruid ist. 

8. Produkt nach einem der Anspruche 1 bis 6, bei dem das Fluid ein wasseriges Ruid ist. 

9. Produkt nach einem der vorhergehenden Anspruche, bei dem die Partikel den Fuller vermischt mit dem Klebstoff 
enthalten. 

10. Produkt nach einem der Anspruche 1 bis 8, bei dem die Partikel jewells mit Klebstoff beschichteten Fuller enthalten, 
wobei das Gemisch selbstklebend ist, wenn es durch das Ruid aktlviert ist 

11. Produkt aus einem Gemisch aus mehreren Partikeln mit einem Fuller, dadurch gekennzelchnet, da8 das Ge- 
misch einen Klebstoff und ein wasseriges Fluid enthalt, das den Klebstoff aktiviert, um einen im wesentlichen 
festen Artlkel zu bilden, der aus den mehreren Partikeln besteht wobei der Klebstoff in dem wasserigen Fluid im 
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wesentlichen Idslich ist und sich der Fuller in dem wasserigen Fluid mit wesentlich geringerer Geschwindigkeit lost 

12. Produkt nach Anspruch 11, bei das Gemisch eine erste faserige Komponente enthalt. 

5 13. Produkt nach Anspruch 12, bei dem der FQller eine zweite faserige Komponente enthdit. 

14. Produkt nach Anspruch 12 Oder 13, bei dem die erste faserige Komponente eine mittlere l^nge von etwa 60^m 
bis etwa 200^m hat. 

10 15. Produkt nach Anspruch 13 Oder 14, wenn abhdngig von Anspruch 13, bei dem die zweite faserige Komponente 
eine mittlere Unge von etwa 30^m bis etwa lOO^rn hat 

16. Produkt nach einem der Anspruche 11 bis 15, bei dem die Partikel den FQller mit Klebstoff vermischt enthalten. 

15 17. Produkt nach einem der Anspruche 11 bis 15, bei dem die Partikel den FQller mit dem Kiek>stoff beschlchtet ent- 
halten, wobei das Gemisch selbstklebend ist, wenn es durch das Fluid aktiviert ist. 

18. Verfehren zum Erzeugen eines Artikejs, enthaltend: 

e 

20 Aufbringen auf einen ersten Tell (30) einer ersten Schicht (20) aus Partlketn, die jeweils einen aktivierbaren 

Klebstoff tragen, eines den Klebstoff aktivlerenden Fluides (26) in einer Menge, die ausreichend ist, um den 
Klebstoff in einem solchen AusmaQ zu aktivieren, daft die Partikel innerhalb des ersten Tells aneinanderkleben, 
um einen im wesentlichen festen, einzelhen Artiket zu bilden; 

25 Bilden einer zweiten Schicht aus den Partikein der ersten Schicht; und 

Aufbringen des Fluides auf einen ersten Tell der zweiten Schicht aus den Partikein in einer Menge, die aus- 
reichend ist, den Klebstoff in einem solchen Ausmaf^ zu aktivieren, dad die Partikel innerhalb des ersten Teils 
der zweiten Schicht zusammenkleben, und auf wenigstens einen Teil des ersten Teils der ersten Schicht. um 
30 einen im wesentlichen festen, einzelnen Artikel aus dem ersten Teil der ersten Schicht und dem ersten Teil 

der zweiten Schicht zu bilden; 

wobei wenigstens ein Teil der Partikel einen Fuller enthalt, der in dem Fluid wesentlich weniger Idslich ist als der 
Klebstoff. 

35 

19. Verfahren nach Anspruch 18, bei dem man es einem zweiten Tell (32) der ersten Schicht (20), der in den ersten 
Teil (30) der ersten Schicht anstoBt, und einem zweiten Teil der zweiten Schicht, der an den ersten Teil der zweiten 
Schicht anstoQt, erlaubt, von dem Fluid (26) in einem AusmaG freizubleiben, da& die zweiten Teile klebfrei ver- 
bleiben, und indem man anschlie&end Partikel entfemt die die zweiten Teile der ersten und zweiten Schichten 

40 bilden. 

20. Verfohren nach Anspruch 18 Oder 19, bei dem der Fuller ein im wesentlichen fester FQller ist. 

21. Verfehren nach einem der Anspruche 18 bis 20, bei dem die ersten und zweiten Partikelschichten eine erste 
45 * faserige Komponente enthalten. 

22. Verfahren nach Anspruch 21, bei dem der FQller eine zweite faserige Komponente enthalt. 

23. Verfahren nach Anspruch 21 oder 22, bei dem die erste faserige Komponente eine mittlere Lange von etwa 60^m 
so bis etwa 200^ 

24. Verfahren nach Anspmch 22 oder 23, wenn abhangig von Anspruch 22; bei dem die zweite faserige Komponente 
eine Lange von etwa 30^m bis etwa 100|im hat. 

55 25. Verfahren nach einem der Anspruche 18 bis 24, bei dem die Partikel in der ersten Partlkelschicht und der zweiten 
Partikelschicht einen mittleren Durchmesser von etwa lOp. bis etwa 30Q\xm haben. 

26. Verfahren nach einem der Anspruche 18 bis 25, bei dem das Fluid ein wasseriges Fluid ist. 



11 
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27. Ein Verfahren, bestehend aus. 

Bereitstelien mehrerer benachbarter Artikel eines mittleren Durchmessers von etwa lOpm bis 300^m, die 
einen Im wesentlichen fasten Fuller und einen KlebstolF enthalten; und 

5 

Aufbringen eines Ruides auf die genannte Vielzahi von Artilceln. in dem der Klebstoff im wesentlichen loslich 
und der Fuller Im wesentlichen unloslich ist und das den Klebstoff von einem im wesentlichen inerten Zustand 
in einem Umfang aktivlert, der ausreichend ist, die Partikel zusammenzukleben, urn einen im wesentlichen 
festen, etnzelnen Artikel zu bllden. 

10 

28. Verfahren nach Anspmch 27, bei dem die vielen benachbarten Artikel eine erste faserige Komponente enthalten, 
die In dem Fluid Im wesentlichen unloslich ist. 

29. Verfahren nach Anspruch 27 Oder 28, bei dem das Fluid ein wasseriges Ruid ist. 

15 

30. Verfahren zum Herstellen eines Artlkels, umfassend: 

„A^""9®" 3^ ersten Teil eines ersten Rims aus Partikein, die jeweils einen aktlvierbaren Klebstoff 
tragen, eines den Klebstoff aktivierenden Ruides in einer Menge, die ausreichend ist, den Klebstolf in einem 
20 Umfang zu aktivieren, da& die Partikel innerhalb des ersten Teils zusammenkleben, um einen im wesentlichen 

festen, einzeinen Artikel zu bilden; 

Ausbilden eines zwelten Rims aus den Partikein auf dem ersten Film; und 

25 Aufbringen des wasserigen Fluides auf einen ersten Teil des zweiten Partikelfilms in einer Menge, die ausrei- 

chend ist, den Klebstoff in einem Umfang zu aktivieren, dali die Partikel innerhalb des ersten Teils des zweiten 
Rims zusammenkleben, und auf wenigstens einen Teil des ersten Teils des ersten Films, um einen im we- 
^sentlichen festen, einzigen Artikel aus dem ersten Teil des erstein Rims und dem ersten Teil des zweiten Rims 
zuerzeugen. 

30 

Revendications 

1. Produit d*un melange de plusieurs particules comprenant une charge, caracterise en ce que le melange de plu- 
35 sieurs particules comprend en outre un premier ingredient ftbreux et un adh^sif, et un fluide qui active Tadh^f 

pour former un article pratiquement solide compost des particules, radh6sif etant pratiquement soluble dans le 
fluide, et la charge se dissolvent dans le fluide k une Vitesse nettement plus tente. 

Z Produit seion la revendication 1 . dans lequel la charge contient un second ingredient fibreux. 

40 

3. Produit selon la revendication 1 ou 2, dans lequel le premier Ingredient fibreux a une longueur moyenne d'environ 
60 a 200 fim. 

' 4.* Produit selon la revendication 2 ou 3 lorsqu'elle depend de la revendication 2, dans lequel le second ingredient 
45 fibreux a une longueur nrioyenne d*environ 30 ^ 100 ^m. 

5. Produit selon Tune quelconque des revendications pr^c^entes, dans lequel la charge est un hydrate de cartxsne. 

6. Produit selon Tune quelconque des revendications pr^c^entes, dans lequel Tadhdsif est un polymdre hydroso- 
50 luble. 

. 7. Produit selon I'une quelconque des revendications 1 d 5. dans lequel le fluide est un fluide non aqueux. 

8. Produit selon Tune quelconque des revendications 1 d 6, dans lequel le fluide est un fluide non aqueux. 

55 

9. Produit selon I'une quelconque des revendications pr^c^dentes, dans lequel ies particules comprennent la charge 
m^langde d Tadhesif. 



EP 0 925 169 B1 



1 0. Produit selon Tune queiconque des revendications 1 d 8, dans lequel les particuies comprennent chacune la charge 
revdtue de Tadh^sif, le melange adhdrant de lui-m§me lorsqull est activ6 par le fluide. 

11. Produit d'un melange de plusieurs particuies contenant une charge, caracteris6 en ce que le melange contient . 
s un adh^if et un fluide aqueux qui active radh6sif pour former un article essentiellement solide compost des 

particuies. I'adh^sif §tant pratiquement soluble dans le fluide aqueux et la charge se dissotvant h une Vitesse 
nettement plus lente dans ce fluide aqueux. 

12. Produit selon la revendication 11, dans lequel le melange contient un premier ingredient fibreux. 

13. Produit selon la revendication 12, dans lequel la charge contient un second ingredient fibreux. 

14. Produit selon la revendication 1 2 ou 1 3, dans lequel le premier ingredient fibreux a une longueur moyenne comprise 
entre environ 60 et 200 ^m. 

IS 

15. Produit selon la revendication 13 ou 14 lorsqu'elle depend de la revendication 13, dans lequel le second ingredient 
fibreux a une longueur moyenne d'environ 30 k 100 ^m. 

16. Produit selon Tune queiconque des revendications 11 d 15, dans lequel les particuies comportent la charge me- 
20 langee a Tadhesif. 

17. Produit selon Tune queiconque des revendications 11 d 15, dans lequel les particuies comprennent la charge 
revdtue de Padhesif, le melange adherent de lui-meme lorsqu'il est active par le fluide. 

25 18. Procede de formation d'un article, comprenant : 

Tapplication, e une premiere partie (30) d'une premiere couche (20) de particuies qui portent chacune un 
adhesif qui peut dtre active, d*un fluide (26) qui active I'adhesif, en quantite sufflsante pour activer Tadheslf 
au point que les particuies comprises dans la premiere partie adherent mutuellement en fbrmant un article 
30 unique essentiellement solide, 

la formation d'une seconde couche de particuies sur la premiere couche, et 

rappiication, a une premiere partie de la seconde couche de particuies, du fluide en quaritite sufflsante pour 
activer Tadhesif au point que les particuies contenues dans la premiere partie de la seconde couche adherent 
mutuellement et e au moins une partie de la premiere partie de la premiere couche pour former un article 
35 unique essentiellement solide k I'aide de ta premiere partie de la premiere couche et de la premiere partie de 

la seconde couche. 

dans lequel une partie au moins des particuies comporte une charge qui est notabiement moins soluble dans 
le fluide que radheslf. 

40 

19. Procede selon la revendication 18, comprenant la mise d*une seconde partie (32) de la premiere couche (20) 
contigue e la premiere partie (30) de la premiere couche et d'une seconde partie de la seconde couche contigue 
e la premiere partie de la seconde couche d un etat qui reste depourvu de fluide (26) au point que les secondes 
parties restent non adherentes, puis I'extraction des particuies deiimitant les secondes parties de la premiere et 

^ ' de la seconde couche. 

20. Procede selon la revendication 18 ou 19, dans lequel la charge est une charge essentiellement solide. 

21. Precede selon Tune queiconque des revendications 18 e 20, dans lequel la premiere et la seconde couche de 
so particuies contiennent un premier ingredient flbreux. 

22. Procede selon la revendication 21, dans lequel la charge contient un second ingredient fibreux. 

23. Procede selon la revendication 21 ou 22, dans lequel le premier ingredient flbreux a une longueur moyenne com- 
S5 prise entre environ 60 et 200 ^m. 



24. 



Procede selon la revendication 22 ou 23 lorsqu'elle depend de la revendication 22, dans lequel le second ingredient 
fibreux a une longueur comprise entre environ 30 et 100 (im. 



EP 0 925 169 B1 



25. Proc6d^ selon I'une qu^lconque des revendications 18 d 24, dans lequel les particules de la prBmidre couche de 
particules et de la seconde couche de particules ont un diamdire moyen compris entre environ 10 et 300 ^m. 

26. Proced6 selon I'une quelconque des revendications 18 d 25, dans lequel le fiuide est un fluide aqueux. 

27. ProcSd6 comprenant : 

la mise k disposition de plusieurs particules adjacentes de diam^tre moyen compris entre environ 10 et 300 
^m, constitutes d'une charge essentiellement sollde et d'un adh6sif. et 

rapplication aux particules d*un fluide dans lequel Tadhisif est essentiellement soluble et la charge est essen- 
tiellement insoluble, le fluide activant Padh^sif depuis un dtat pratiquement inerte, en quantity suffisante pour 
provoquer la liaison des particules les unes aux autres en ddlimitant un article unique essentiellement solide. 

28. PrDC§d6 selon la revendication 27, dans lequel les particules adjacentes contiennent un premier ingredient fibreux 
qui est pratiquement insoluble dans le fluide. 

29. ProcSdd selon la revendication 27 ou 28. dans lequel le fluide est un fluide aqueux. 



30. Proc^de de fonnatiori d'un article, comprenant : 

rapplication, k une premiere partie d*un premier film de particules qui portent chacune un adhteif qui peut dtre 
actlvd, d*un fluide aqueux qui active Padh^sif, en quantity suffisante pour activer I'adhteif au point que les 
particules contenues dans la prerini^re partie adherent mutuellement en fbrmant un article unique essentiel- 
lement solide, 

la fpmiation d'un second film des particules sur le premier film, et 

rapplication, d une premiere partie du second film des particules, du fluide aqueux en quantity suffisante pour 
activer I'adh^sif au point que les particules contenues dans la premiere partie du second film adherent mu- 
tuellement et k au moins une partie de la premiere partie du premier film en formant un article unique essen- 
tiellement solide § partir de la premiere partie du prernier film et de la premiere partie du second film. 
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